
H-COAL SLUQRY O I L  COMPOSITIQN AND PROCESS PERFORMANCE 

F. P. Burke and X. A .  Winschel 

ConOco Coal Development Company, Research D i v i s i o n ,  L i b r a r y ,  PA 15129 

INTRODUCTION 

The H-Coal p r o c e s s ,  developed by Hydrocarbon Research ,  I n c . ,  i s  a c a t a l y t i c  c o a l  
hydrogenat ion  i n  which t h e  c o a l  i s  contac ted  w i t h ,  u s u a l l y ,  an  alumina suppor ted  Co/MO, 
o r  similar c a t a l y s t  i n  an upflowing f l u i d i z e d  bed. 
p r o c e s s  a r e  t h e  r e a c t o r  i n t e r n a l s ,  which a l l o w  f o r  f l u i d i z a t i o n  of t h e  c a t a l y s t  bed, 
and c a t a l y s t  a d d i t i o n  and withdrawal systems t o  a l l o w  maintenance of t h e  c a t a l y s t  a c -  
t i v i t y .  The 3 TPD p r o c e s s  development u n i t  (PDU), opera ted  by H R I  a t  Trenton ,  N J ,  has 
been used to s t u d y  f e e d  c o a l  and s p a c e  v e l o c i t y  e f f e c t s ,  and t o  provide  d e s i g n  da ta  f o r  
sca le -up  of the p r o c e s s .  A schemat ic  of t h e  u n i t  ( F i g u r e  1) shows t h a t  t h e  c o a l  is  f e d  
t o  t h e  r e a c t o r  as a s l u r r y  w i t h  two r e c y c l e  components. 
c o n t a i n s  d i s t i l l a t e ,  n o n - d i s t i l l a t e  o i l s  ( r e s i d ) ,  and s o l i d s .  The c l e a n  o i l  t a n k  (COT) 
i s  a s u r g e  v e s s e l  c o n t a i n i n g  atmospheric s t i l l  bottoms and vacuum s t i l l  overhead. 
amounts of  t h e s e  d i s t i l l a t e s  i n  t h e  c l e a n  o i l  t a n k  c a n  b e  independent ly  v a r i e d .  

The d i s t i n g u i s h i n g  f e a t u r e s  of t h e  

The hydroclone over f low (HO) 

The 

An i n t e r e s t  i n  t h e  composition of  t h e s e  r e c y c l e  o i l s ,  and how t h e i r  composition 
is r e l a t e d  t o  process  performance, was t h e  m o t i v a t i o n  f o r  a r e c e n t l y  completed program 
t o  a n a l y z e  d a i l y  samples  o f  r e c y c l e  s l u r r y  o i l s  from H-Coal PDU Runs 5 ,  8 and 9 by a 
v a r i e t y  of a n a l y t i c a l  t e c h n i q u e s ,  and t o  r e l a t e  t h e  composition d a t a  t o  p r o c e s s  p e r f o r -  
mance i n  t h o s e  PDlI r u n s .  PDU Runs 5 and 8 were made w i t h  I l l i n o i s  6 c o a l  w h i l e  PDU 9 
used Kentucky 11 PDU Runs 5 and 9 were made i n  t h e  Syncrude mode (space  
v e l o c i t y  = 31) whi le  PDU Run 8 c o n s i s t e d  of o p e r a t i o n s  i n  b o t h  t h e  Fuel  O i l  and I n t e r -  
media te  modes (Table 1 ) .  D a i l y  samples of t h e  c l e a n  o i l  t a n k  and t h e  hydroclone over- 
f low were taken  by H R I  and shipped t o  CCDC f o r  a n a l y s i s .  The a n a l y t i c a l  t echniques  
used and t h e  i n f o r m a t i o n  d e s i r e d  from each are g iven  i n  T a b l e  2 .  The o b j e c t  of t h e  
s t u d y  w a s  t o  de te rmine  t h e  r e l a t i o n s h i p  between s l u r r y  o i l  composition and process  p e r -  
formance i n  e i g h t  s p e c i f i c  a r e a s :  

1. 

2. 

3. 

4 .  

5. 

6. 

7. 

8 .  

Changes i n  t h e  s l u r r y  r e c y c l e  stream composition d u r i n g  s t a r t u p .  

The manner i n  which t h e  process  reaches  s t e a d y  s t a t e  o p e r a t i o n  d u r i n g  s t a r t u p .  

The composition of  t h e  r e c y c l e  s t ream d u r i n g  s t a b l e  o p e r a t i o n .  

The changes i n  r e c y c l e  composition i n  response  t o  planned v a r i a t i o n s  i n  pro-  
c e s s  v a r i a b l e s .  

Changes i n  t h e  r e c y c l e  composition which cause  OK r e s u l t  from unplanned u p s e t s  
in t h e  p r o c e s s  o p e r a t i o n .  

Changes i n  t h e  r e c y c l e  composition as ev idence  of changes i n  c a t a l y s t  a c t i v i t y .  

D i f f e r e n c e s  i n  r e c y c l e  composition as a f u n c t i o n  of  space  v e l o c i t y  (mode). 

D i f f e r e n c e s  i n  r e c y c l e  composition as a f u n c t i o n  of feed  c o a l  (same space  
v e l o c i t y ) .  

In making i n t e r p r e t a t i o n s  of t h e s e  d a t a  i t  is impor tan t  t o  recognize  t h a t  t h e r e  are  
two ways i n  which t h e  d a t a  can be expressed .  The r e c y c l e  s l u r r y  o i l  c h a r a c t e r i z a t i o n s  
can  b e  g iven  as composi t ions ,  O K  i n t e n s i v e  v a r i a b l e s .  For example, t h e  weight p e r c e n t  
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O f  benzene s o l u b l e s  i n  t h e  r e c y c l e  r e s i d  r e p r e s e n t s  t h e  n a t u r e  of t h e  m a t e r i a l  t h a t  i s  
be ing  r ecyc led ,  without  r e f e r e n c e  t o  t h e  amount. A l t e r n a t i v e l y ,  t h e  d a t a  can b e  ex- 
p re s sed  on a r e c y c l e  r a t e ,  o r  e x t e n s i v e  v a r i a b l e  b a s i s .  Thus, t h e  pounds of  benzene 
i n s o l u b l e s  r ecyc led  p e r  pound of c o a l  fed  r e f l e c t s  bo th  t h e  composition of t h e  r e c y c l e  
r e s i d ,  and t h e  t o t a l  r e c y c l e  r a t e  of t h a t  r e s i d .  Both t h e  composi t ion and r e c y c l e  r a t e  
d a t a  can be used t o  draw conc lus ions  r ega rd ing  s t e a d y  s t a t e  performance. In t h e  work 
desc r ibed  h e r e ,  a l l  conc lus ions  concerning s t e a d y  s t a t e  performance a r e  based on a s t a -  
t i s t i c a l  t r ea tmen t  of t h e  d a t a  which compares v a r i a t i o n s  i n  t h e  da ta  w i t h  t h e  expe r i -  
mental  u n c e r t a i n t y  of t h e  measured v a r i a b l e s .  The mathematical  b a s i s  of t h i s  t r ea tmen t  
is desc r ibed  i n  t h e  f i r s t  t o p i c a l  r e p o r t  p repa red  under t h i s  c ~ n t r a c t ( ~ ) .  
p re sen ted  below a r e  a b s t r a c t e d  from t h e  much more e x t e n s i v e  body of d a t a  inc luded  i n  
t h e  two t o p i c a l  r e p o r t s  and f i n a l  r e p o r t  p repa red  under t h i s   ont tract(^'^'^). 

The r e s u l t s  

The purpose of t h i s  paper  i s  t o  i l l u s t r a t e  t h e  major conc lus ions  reached i n  t h i s  
s t u d y .  

COMPARISONS OF RECYCLE COMPOSISIONS 

There fo re ,  confirming r e s u l t s  of o t h e r  a n a l y s e s  a r e  n o t  g e n e r a l l y  p r e s e n t e d .  

Because H-Coal is a hydrogenat ion p r o c e s s ,  'H-NMR was expected t o  p rov ide  a u s e f u l  
measure of r e c y c l e  o i l  composi t ion.  
PDU Runs 5 and 9 and f o r  t h e  two space  v e l o c i t y  pe r iods  of PDU Run 8.  
Runs 5 and 9 used f o r  ave rag ing  were chosen t o  r e p r e s e n t  t h e  b e s t  approach t o  s t eady  
s t a t e  i n  those  runs.  Because of a number of u p s e t s  over  t h e  f i r s t  16 days,  w e  could 
no t  i d e n t i f y  s t eady  s t a t e  pe r iods  f o r  PDU Run 8 ,  and a l l  t h e  d a t a  were used t o  ca l cu -  
l a t e  ave rages .  
see t h a t  t h e  h ighe r  space  v e l o c i t i e s  produce a less a romat i c  r e c y c l e  d i s t i l l a t e .  
hydrogenat ion s e v e r i t y  d e c r e a s e s  wi th  space  v e l o c i t y  t h i s  was unexpected. The ga in  i n  
a l i p h a t i c s  between t h e  Syncrude, Fuel  O i l  and In t e rmed ia t e  space  v e l o c i t i e s  is seen  i n  
t h e  a l k y l  a l p h a  and gamma p r o t o n s ,  which measure long cha in  a l i p h a t i c s ,  such as par-  
a f f i n s .  These d i f f e r e n c e s  i n  d i s t i l l a t e  composi t ion may r e f l e c t  the  f a c t  t h a t  lower 
d i s t i l l a t e  y i e l d s  a t  t h e  h i g h e r  space  v e l o c i t y  mean t h a t  t h e  r ecyc le  d i s t i l l a t e  w i l l  
see more passes  through t h e  u n i t .  Of c o u r s e ,  t h e  o p e r a b i l i t y  d i f f i c u l t i e s  encountered 
i n  PDU Run 8,  and t h e  i n t e n t i o n a l l y  d iv ided  n a t u r e  of t h a t  r u n ,  make f i r m  conc lus ions  
u n l i k e l y .  

Table  3 p r e s e n t s  ave rage  'H-NMR d i s t r i b u t i o n s  f o r  
The pe r iods  of  

Comparing f i r s t  t h e  r e s u l t s  from Runs 5 and 8 (both I l l i n o i s  6 c o a l )  we 
S i n c e  

PDU Run 9 (Kentucky 11 c o a l ,  Syncrude mode) g i v e s  a less aromatic  r e c y c l e  d i s t i l -  
l a t e  than PDU Run 5 ( I l l i n o i s  6 c o a l ,  Syncrude mode), though t h e  d i f f e r e n c e  is not  as 
g r e a t  a s  between PDU Run 5 and t h e  In t e rmed ia t e  mode of PDU Run 8 .  Apparen t ly ,  space  
v e l o c i t y  has  more e f f e c t  on r e c y c l e  d i s t i l l a t e  composi t ion than  feed c o a l .  

Se l ec t ed  samples of t h e  r e c y c l e  d i s t i l l a t e s  from t h e  t h r e e  runs were used t o  ex- 
t r a c t  Indiana V coa l  i n  a microautoclave a t  two s t a n d a r d  c o n d i t i o n s .  The r e s u l t s  
(Table  4 )  show t h a t  a l l  of t h e  r e c y c l e  d i s t i l l a t e s  are good l i q u e f a c t i o n  s o l v e n t s .  The 
conversions t o  TSF s o l u b l e s  a r e  g e n e r a l l y  i v  t h e  7 0 4 0 %  range,  and t h e s e  r e s u l t s  a r e  
i n d i c a t i v e  of good l i q u e f a c t i o n  s o l v e n t s ( ' ) .  D i f f e r e n c e s  which occur  i n  a given run ,  
and among t h e  d i f f e r e n t  runs ,  i n d i c a t e  t h a t  r e c y c l e  d i s t i l l a t e s  produced i n  t h e  Syncrude 
mode a r e  b e t t e r  l i q u e f a c t i o n  s o l v e n t s  than t h o s e  from e i t h e r  t h e  In t e rmed ia t e  o r  Fuel  
O i l  modes. I n  PDU Run 5 t h e r e  was a g e n e r a l  tendency toward improved s o l v e n t  q u a l i t y  
a s  t h e  run  p rogres sed .  In PDU Run 9 t h e  t r e n d  i s  r eve r sed ,  a l though t h e  conve r s ions  ob- 
t a i n e d  wi th  t h e  PDU Run 9 d i s t i l l a t e s  a r e  e q u i v a l e n t  t o  o r  b e t t e r  t han  t h o s e  from PDU 
Run 5. For PDU Run R t h e  two days shown compare conversions f o r  d i s t i l l a t e s  produced i n  
t h e  Fue l  O i l  mode wi th  d i s t i l l a t e s  produced i n  t h e  In t e rmed ia t e  mode o p e r a t i o n .  The d i s -  
t i l l a t e s  from t h e  I n t e r m e d i a t e  mode a r e  c o n s i s t e n t l y  poore r ,  and i n  some c a s e s  by a l a r g e  
margin, than those from the  Fuel  O i l  mode. Th i s  i s  c o n s i s t e n t  w i th  d a t a  shown i n  Table  3 
g i v i n g  t h e  average NMR d i s t r i b u t i o n s  of t h e s e  d i s t i l l a t e s ,  which show a s u r p r i s i n g l y  high 
concen t r a t ion  of a l k y l  b e t a  and gamma p ro tons  f o r  d i s t i l l a t e s  produced a t  t h e  In t e rmed ia t e  
space  v e l o c i t y .  

While t h e  r e c y c l e  d i s t i l l a t e s  were q u a l i t a t i v e l y  s i m i l a r ,  the  r e c y c l e  r e s i d s  (97SoF+, 
THF s o l u b l e )  showed a much g r e a t e r  v a r i a t i o n  i n  composi t ion,  p r i n a r i l y  as a f u n c t i o n  of 
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space v e l o c i t y .  Tab le  5 shows t h a t  t h e  r e c y c l e  r e s i d  from PDU Runs 5 and 9 (Syncrude) 
averaged around 49% o i l s  (hexane s o l u b l e s ) .  The r e c y c l e  r e s i d  i n  PDU Run 9 had a some- 
what h i g h e r  p r e a s p h a l t e n e  and lower a s p h a l t e n e  c o n t e n t  t han  t h e  r e c y c l e  r e s i d  from PDU 
Run 5 .  However, t h e  r e c y c l e  r e s i d  i n  PDU Run 8 showed much lower o i l s  con ten t  and much 
h i g h e r  p reaspha l t enes  con ten t  t han  f o r  e i t h e r  of t h e  Syncrude r u n s .  Th i s  lower q u a l i t y  
r e c y c l e  r e s i d  i n  PDU Run 8 may have been r e l a t e d  t o  ( e i t h e r  a s  cause o r  e f f e c t )  t h e  
o p e r a b i l i t y  problems which occurred i n  t h a t  run.  

APPROACH TO STEADY STATE RECYCLE COMPOSITION 

The d a t a  from PDU Runs 5 and 9 a l low u s  t o  draw s e v e r a l  conc lus ions  concerning t h e  
approach t o  a s t e a d y  s t a t e  r e c y c l e  s l u r r y  oil d u r i n g  t h o s e  two runs.  Because of t h e  
fragmented n a t u r e  of PDU Run 8 we a r e  not  a b l e  t o  draw any conc lus ions  concerning s t eady  
s t a t e  ope ra t ion  from t h e  d a t a  f o r  t h a t  run.  The m a j o r i t y  of t h e  d a t a  from PDU Runs 5 
and 9 i n d i c a t e s  t h a t  t h e  r e c y c l e  r e s i d  composi t ion,  b u t  n o t  t h e  r e c y c l e  r a t e ,  reached 
s t e a d y  state between days  10 and 15. The r e c y c l e  r e s i d  composi t ion i n  PDU Run 5 does 
show some v a r i a t i o n  a f t e r  day 20 of t h a t  r u n ,  when t h e  hydrogen p a r t i a l  p r e s s u r e  was 
inc reased  from a n  ave rage  of 1600 p s i g  f o r  the  f i r s t  20 days of t h e  run  t o  an average 
of 1860 p s i g  d u r i n g  t h e  l a s t  10 days.  However, t h i s  appea r s  t o  be an adjustment  t o  a 
new equ i l ib r ium composi t ion a s  opposed t o  a long t e r m  v a r i a t i o n  i n  t h e  r e c y c l e  r e s i d  
composi t ion.  The p l o t  of t h e  r a t i o  of benzene s o l u b l e s  t o  i n s o l u b l e s  i n  t h e  THF s o l u b l e  
r e c y c l e  r e s i d  du r ing  PDU Runs 5 ,  8 and 9 (F igu re  2) demonstrates  t h i s  conc lus ion .  

In c o n t r a s t  t o  t h e  behavior  of t h e  r e c y c l e  r e s i d  composi t ion,  t h e  r e c y c l e  rate of  
t h e  r e s i d  d id  n o t  r each  s t e a d y  s ta te  i n  PDU Run 9 .  This  i s  i l l u s t r a t e d  i n  Figure 3 ,  
which shows t h e  r e c y c l e  r a t e s  of o i l s ,  a s p h a l t e n e s  and p reaspha l t enes  on a l b / l b  c o a l  
fed  b a s i s .  
day 12 ,  t h e  p l o t s  are n e a r l y  p a r a l l e l  a f t e r  t h a t  p o i n t .  However, a l l  t h r e e  show s t e a d y  
i n c r e a s e s  throughout  t h e  30-day run .  
t h a t  t h e  p r e a s p h a l t e n e  r e c y c l e  r a t e  reached an appa ren t  s t eady  s t a t e  by about day 25. 
These r e s u l t s  a r e  impor t an t  s i n c e  a s t e a d i l y  i n c r e a s i n g  r e s i d  r e c y c l e  r a t e  t ends  t o  re- 
duce t h e  appa ren t  r e s i d  y i e l d  from t h e  u n i t .  The re fo re ,  t h e  r e c y c l e  composi t ion can 
have a d i r e c t  and immediate impact on t h e  pe rce ived  u n i t  performance. 

Because t h e  composi t ion of t h e  r e c y c l e  r e s i d  reached s t e a d y  s t a t e  by about  

A more r i g o r o u s  t r ea tmen t  of t h e  d a t a ( 6 )  shows 

Two measures of t h e  r e c y c l e  d i s t i l l a t e  composi t ion,  t h e  r a t i o  of a romat i c  t o  a l i -  
p h a t i c  p ro tons ,  and t h e  c o n c e n t r a t i o n  of phenolic-OH in t h e  c l e a n  o i l  t a n k ,  a r e  shown 
i n  F igu res  4 and 5 ,  r e s p e c t i v e l y .  These d a t a  demons t r a t e  t h a t  t h e  r e c y c l e  d i s t i l l a t e  
composi t ion d i d  no t  r e a c h  s t eady  s t a t e  i n  PDU Run 9 .  The da ta  on samples from PDU Run5 
i n d i c a t e  a s t e a d y  s t a t e  r e c y c l e  d i s t i l l a t e  composi t ion sometime nea r  t h e  midpoint of 
t h a t  run.  However, t h e  d a t a  from PDU Runs 5 and 9 a r e  ve ry  s i m i l a r  up t o  about  day 20 
of t hose  r u n s ,  and t h e  behav io r  of t h e  samples from PDU Run 5 a f t e r  day 20 may have been 
in f luenced  by i n c r e a s e d  hydrogen p a r t i a l  p r e s s u r e ,  a s  d i s c u s s e d  above. 
i n c r e a s e  i n  hydrogen p a r t i a l  p r e s s u r e  would tend t o  dec rease  bo th  t h e  a romat i c - to -a l i -  
p h a t i c  r a t i o  and t h e  c o n c e n t r a t i o n  of phenolic-OH. Th i s  could compensate f o r  d e c l i n i n g  
c a t a l y s t  a c t i v i t y  a t  t h e  end of PDU Run 5.  

Note t h a t  an 

These d a t a  and o t h e r s  concerning t h e  approach of t h e  r e c y c l e  r e s i d  and d i s t i l l a t e  
composi t ions t o  s t e a d y  s t a t e  i n d i c a t e  t h a t  the  r a t e  of c a t a l y s t  d e a c t i v a t i o n  f o r  t h e  
l a r g e r  r e s i d  molecules  i s  more r a p i d  than t h e  r a t e  of c a t a l y s t  d e a s t i v a t i o n  f o r  t h e  
smaller d i s t i l l a t e  molecules .  
w i th  r e s p e c t  t o  conve r s ion  of t h e  r e s i d  t o  d i s t i l l a t e  r ange  m a t e r i a l  by day 10-15 of 
both PDU Runs 5 and 9 .  
t h e  d i s t i l l a t e  i s  s t i l l  d e c l i n i n g  a t  t h e  end of t h e  30 day run.  

In o t h e r  words t h e  c a t a l y s t  has  reached a s t e a d y  s t a t e  

However, t h e  c a t a l y s t  a c t i v i t y  w i t h  r e s p e c t  t o  hydrogenat ion O f  

CONCLUSIONS 

The major c o n c l u s i o n s  drawn from t h i s  work a r e :  

S t a r t u p  s o l v e n t  i s  r a p i d l y  r ep laced  i n  PDU o p e r a t i o n .  Any a romat i c  s t a r t u p  
s o l v e n t  of t h e  a p p r o p r i a t e  b o i l i n g  r ange  should s u f f i c e  i f  i t  is p h y s i c a l l y  
compatible .  
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0 Aromat ic i ty  of r e c y c l e  o i l  i n c r e a s e s  dur ing  run wi th  d e c l i n i n g  c a t a l y s t  a c t i v -  
D i s t i l l a t e  a r o m a t i c i t y  reached s t e a d y  s ta te  i n  PDU 5 but  n o t  i n  PDU 9 ,  i t y .  

perhaps  because of i n c r e a s e d  PH, a f t e r  day 20 of PDU 5 .  
hydroxyl c o n t e n t s  of r e c y c l e  d i s t i l l a t e s .  

Same i s  t r u e  f o r  

0 Composition of r e c y c l e  r e s i d  reached s t e a d y  s ta te  i n  PDU Runs 5 and 9 ,  by 
about  day 1 2 ,  b u t  changed i n  Run 5 c o i n c i d e n t  wi th  i n c r e a s e d  P H ~ .  

Recycle r a t e  of  r e s i d  d i d  not  reach  s t e a d y  s ta te  i n  PDU 9 ,  a l though composi- 
t i o n  d i d .  S i t u a t i o n  i n  PDU 5 w a s  complicated by i n c r e a s e d  PH,. 

Recycle r e s i d  i n  PDU 8 was much h i g h e r  i n  p r e a s p h a l t e n e s  than  PDU 5 o r  9 ,  
p robably  r e l a t e d  t o  o p e r a b i l i t y  problems. 

0 Recycle d i s t i l l a t e s  were q u a l i t a t i v e l y  s i m i l a r  r e g a r d l e s s  of mode or c o a l .  
A l l  a r e  good l i q u e f a c t i o n  media. 

0 PDU 5 and 9 d a t a  i n d i c a t e  a f a s t  c a t a l y s t  d e a c t i v a t i o n  f o r  r e s i d  hydrogena- 
t i o n  (10-15 days) and a s lower  c a t a l y s t  d e a c t i v a t i o n  f o r  d i s t i l l a t e  hydrogena- 
t i o n  (>  30 d a y s ) .  

Kentucky 9 and I l l i n o i s  6 c o a l s  g i v e  s i m i l a r  s l u r r y  r e c y c l e  o i l s  a t  t h e  Syn- 
c rude  mode. D i f f e r e n c e s  among Fuel O i l ,  I n t e r m e d i a t e  and Syncrude space  
v e l o c i t i e s ,  wi th  same c o a l ,  are g r e a t e r .  

T h i s  work was suppor ted  by U . S .  DOE Cont rac t  DE-AC05-79ET14503. 
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Table  1 

H-Coal PDU Runs S tudied  

PDU Run 

5 

8 

9 

Coal 

I l l i n o i s  6 

I l l i n o i s  6 

Kentucky 11 

Space V e l o c i t y  
( l b / h r - f t 3 )  Mode Opera t ions  Note 

3 1  (Syncrude) 

78 (Fuel O i l )  Opera t ing  problems caused 

Increased  PH, a f t e r  day 20. 

50-65 ( I n t e r m e d i a t e )  by plugging. 

3 1  (Syncrude) Uneventful.  

Table  2 

A n a l y t i c a l  Techniques 

'H-NMR (COT, HO D i s t i l l a t e ,  HO Res id)  
- Hydrogen D i s t r i b u t i o n s  
- Donatable  Hydrogen 

LIQUID CHROMATOGRAPHY (HO Resid) 
- S o l v e n t  F r a c t i o n a t i o n  ( O i l s ,  Asphal tenes ,  P r e a s p h a l t e n e s )  
- Chemical F u n c t i o n a l i t i e s  
- Molecular  S i z e  D i s t r i b u t i o n  

GC/MS AND REVERSE PHASE L I Q U I D  CHROMPTOGKAPHY (COT and HO D i s t i l l a t e s )  
- D e t a i l e d  Compositional Analys is  
- C h a r a c t e r i s t i c  Parameters  

"F-DERIVATIZATION AND "F-NMR 
- Hydroxyl (OH) Content 

MICROAUTOCLAVE 
- E m p i r i c a l  Measure of Solvent  Q u a l i t y  

T a b l e  3 

Average 'H-NMR D i s t r i b u t i o n s  
of Hydroclone Overflow Di s t i l l a t e s  

Averane 'H-N?% D i s t r i b u t i o n s ,  

PDU 
Run - Per iod  

Hydroclone Overflow Di s t i l l a t e s  
Cond. Uncond. C y c l i c  Alkyl  C y c l i c  Alkyl 

Mode ~ - L A ~ B _ Y _  A r  A r  B 
5 12-30 Syncrude 26.7 11.1 17.3 12.2 11.9 13.5 7.3 

8 3-15 F u e l  O i l  26.6 9 .2  17.5 11.9 12.2 15.3 7.3 
8 17-21 I n t e r m e d i a t e  21.6 5 . 6  16.5 11.5 12.5 19.4 9.5 

9 10-26 Syncrude 22.4 9 .7  17.5 12.2 13.6 16.2 8.4 
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Table 4 

Microautoclave Extractions of Indiana V Coal With H-Coal 
Recycle Distillates - Conversion to THF Solubles, Wt % MAF Coal 

PDU RUN 

Sample 

EQ Conditions 

KIN Conditions 

5 8 9 

HO COT 

Day Day 
3 80.6 69.8 -- 

12 79.6 76.5 13 
25 77.9 77.3 20 
Avg 79.4 74.5 

3 76.3 74.8 -- 
12 80.8 74.3 1 3  

HO COT 

Day 
3 

73.8 72 .3  19 
72.9 6 2 . 3  26 
73.4 67.3 

-- -- 

- _ _  

2 
82.7 73.6 19 
-- -- 

25 83.3 75.0 20 70.4 68.9 26 
Avg 80.1 74.7 75.6 71.2 

HO 

85.7 
79 .9 
77.6 
81.1 

78.2 
78.7 
79.8 
78.9 

COT 

81.0 
76.8 
75.9 
77.9 

75.3 
72.7 
73.9 
74.0 

- 

EQ - 750"F, 30 min, 211 solventlcoal 
KIN - 750"F, 10 min, 811 solvent/coal 

Table 5 

Solubility Fractionation of Hydroclone Overflow THF Soluble Resids 

PDU Average, wt % THF Soluble Resid 
- Run Period Mode Oils Asphaltenes Preasphaltenes 

5 12-30 Syncrude 49.0  32.9 18.1 

8 11-15 Fuel Oil 28.4 32.8 38.8 
8 17-23 Intermediate 33.7 33.6 32.7 

9 10-30 Syncrude 48.5 27.4 24. 1 
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f igure 5 

Concentratlon of PhenolIc -OH by "F-IMR 
COT Samples 

H-Coal PDU Runs 5.  8 and 9 

figure 4 

Rat io o f  A m M t t c l R l i p h a t i c  Protons, 
Total Recycle D i s t i l l a t e  
H-Coal POU Run 5 and 9 

PDU Run 9 ~ 
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POU Run 9 
r- 3 i 
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